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Abstract
Background Day-case surgery is associated with significant patient and cost benefits. However, only 43% of
cholecystectomy patients are discharged home the same day. One hypothesis is day-case cholecystectomy rates,
defined as patients discharged the same day as their operation, may be improved by better assessment of patients
using standard preoperative variables.
Methods Data were extracted from a prospectively collected data set of cholecystectomy patients from 166 UK and
Irish hospitals (CholeS). Cholecystectomies performed as elective procedures were divided into main (75%) and
validation (25%) data sets. Preoperative predictors were identified, and a risk score of failed day case was devised
using multivariate logistic regression. Receiver operating curve analysis was used to validate the score in the
validation data set.
Results Of the 7426 elective cholecystectomies performed, 49% of these were discharged home the same day. Same-
day discharge following cholecystectomy was less likely with older patients (OR 0.18, 95% CI 0.15–0.23), higher
ASA scores (OR 0.19, 95% CI 0.15–0.23), complicated cholelithiasis (OR 0.38, 95% CI 0.31 to 0.48), male gender
(OR 0.66, 95% CI 0.58–0.74), previous acute gallstone-related admissions (OR 0.54, 95% CI 0.48–0.60) and
preoperative endoscopic intervention (OR 0.40, 95% CI 0.34–0.47). The CAAD score was developed using these
variables. When applied to the validation subgroup, a CAAD score of B5 was associated with 80.8% successful day-
case cholecystectomy compared with 19.2% associated with a CAAD score[5 (p\ 0.001).
Conclusions The CAAD score which utilises data readily available from clinic letters and electronic sources can
predict same-day discharges following cholecystectomy.
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Introduction
Laparoscopic cholecystectomy is the treatment of choice
for most patients with symptomatic cholelithiasis and one
of the most commonly performed general surgical opera-
tions [1]. Following laparoscopic cholecystectomy, most
patients can be safely discharged home on the day of the
surgery with no difference in outcomes when day of sur-
gery (day-case) discharges are compared with patients who
stay overnight [2]. Despite this, wide variation exists in the
rates of day-case cholecystectomy across hospitals and
countries ranging from 40 to 83% [3]. A recent audit in the
UK found that only 12% of hospitals met the current target
of 75% of cholecystectomy as day case despite a vision that
inpatient cholecystectomy should be the exception rather
than the default [4]. The reasons for this are likely to be
multifactorial, with patient, surgical, anaesthetic and
organisational factors influencing this [5, 6].
There have been evolutions and streamlining of both
anaesthetic and surgical techniques to help facilitate same-
day discharges [4]. Other strategies have focused on
improving patient selection with variable results. A reli-
able, objective, cost-effective and reproducible method to
help improve day-case cholecystectomy rates is needed.
The aim of this study is to use a validated national UK
database to develop and validate a score to predict suc-
cessful day-case cholecystectomy operations.
Methods
Data for this study were derived from the CholeS study, a
multicentre, prospective population-based cohort study of
variation of cholecystectomy [7]. Data were collected from
8913 patients undergoing cholecystectomy in 166 hospitals
across the UK and Ireland, during a 2-month period from
March to April 2014. The data were found to be 99.2%
accurate by independent data validation [7]. Data were
collected prospectively by surgical trainees, who formed a
network of surgical research collaborative groups across
the UK. Emergency cholecystectomy operations that were
performed during the emergency admission were excluded.
Preoperative variables included age at the time of opera-
tion, body mass index (BMI), primary diagnosis/indication
for cholecystectomy, and American Society of Anaesthe-
siologists (ASA) scores of 1, 2 and C3. Preoperative
imaging was grouped into abdominal ultrasound scan
(USS) only, other radiological imaging and endoscopic
investigations. USS reported gallbladder wall thickening
and common bile duct (CBD) dilatation were also recor-
ded. The definition of a ‘day-case operation’ used here was
a discharge occurring the same day as the operation.
The data set was analysed using Stata, StataCorp. 2017.
Stata Statistical Software: Release 15, College Station, TX:
StataCorp LLC. Continuous variables were found to be
skewed, and so were reported as medians and interquartile
ranges (iqr), with Mann–Whitney tests used to compare the
two groups. Nominal variables were compared between the
groups using Fisher’s exact test, where this was calculable,
or with Chi-square test where this was not possible, whilst
Kendall’s tau was used to compare ordinal variables. The
data were then randomly divided 3:1 into main and vali-
dation data sets, respectively. Within the main data set,
univariable analyses were used to compare predictors of
failed day-case cholecystectomy operation and preopera-
tive factors that influence this. Multivariate logistic
regression modelling was then used to assess the impact of
preoperative variables on outcome and the coefficient
multiplied by two and rounded to the nearest integer in
order to develop a predictive risk score. The score was
applied to the main and validation data sets and receiver
operating characteristic (ROC) and area under the curve
(AUC) analysis performed to assess validity and accuracy.
Missing data were excluded from the analysis, and
p\ 0.05 was considered statistically significant.
Results
The CholeS data set included 8913 consecutive cases, 7426
(83.3%) of which were performed electively. Day-case
cholecystectomy was performed in 3662 (49.3%) of the
elective cases. The median length of hospital stay for those
who were admitted to hospital was 1 (iqr 1–2) days. The
data set was divided into main (n = 5569) and validation
(n = 1857) data sets. Of the 2687 patients that were not
discharged on the day of surgery, 1477 (55.1%) were
intended to be day case. However, 2748 (95.5%) of the
2882 patients that had a successful same-day discharge
were planned to be day case. The median waiting time in
days from listing was longer for the non-day-case group
compared with those that were discharged on the day of
surgery, 74 (iqr 41,125) and 71 (iqr 42,110), respectively,
(p\ 0.047). Demographics from the main data set are
presented in Table 1.
Day-case cholecystectomy operations were more likely
to fail in males, older patients, higher ASA scores, those
who had a previous emergency admission with biliary
disease, diagnoses other than biliary colic, whether a thick-
walled gallbladder was seen on an ultrasound, those
requiring more advanced radiological or endoscopic inter-
ventions or whether a non-UGI/HPB consultant was
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Table 1 Comparison preoperative patient and clinical factors between day-case and non-day-case cholecystectomy
Patient and preoperative factors Day case (n = 2882)a Non-day case (n = 2687)a p value
Age category (years): n (%)
\30 512 (17.8) 233 (8.7) \0.001
30–40 434 (15.1) 285 (10.6)
41–50 601 (20.9) 474 (17.7)
51–60 616 (21.4) 564 (21.0)
61–70 498 (17.3) 580 (21.6)
71? 220 (7.6) 549 (20.5)
Gender: n (%)
Male 616 (21.4) 785 (29.4) \0.001
Female 2268 (78.6) 1900 (70.6)
ASA: (%)
ASA 1 1358 (47.5) 797 (29.9) \0.001
ASA 2 1376 (48.1) 1461(54.8)
ASA 3? 128 (4.5) 407 (15.3)
BMI (%)
\17.9 10 (0.4) 10 (0.5) 0.118
18–25 579 (21.0) 535 (20.8)
25–30 1007 (36.5) 907 (35.3)
31–35 685 (24.8) 579 (23.2)
36–40 470 (17.0) 513 (20.0)
[41 8 (0.3) 7 (0.3)
Previous hospital admission: n (%)b 1060 (36.8) 1394 (51.9) \0.001
Primary indication for surgery: n (%)
Biliary colic 1932 (67.0) 1361 (50.8) \0.001
Cholecystitis 579 (20.1) 768 (29.03)
Pancreatitis 177 (6.1) 252 (9.4)
CBD stone 130 (5) 239 (8.9)
Other 64 (2.2) 49 (1.9)
Preoperative investigations: n (%)c
USS only 2033 (70.5) 1467 (54.7) \0.001
Radiological 614 (21.3) 789 (29.4) \0.001
Endoscopic 235 (8.2) 424 (15.8) \0.001
Ultrasound scan findings: n (%)
Thick-walled gallbladder 698 (24.7) 888 (34.0) \0.001
Dilated CBD 329 (11.6) 498 (19.0) \0.001
Consultant speciality: n (%)d
HPB/UGI 1761 (61.3) 1564 (58.4) 0.030
Other 1113 (38.7) 1113 (41.6)
ASA American Society of Anesthesiologists physical status classification score, BMI body mass index, CBD common bile duct
aDay-case—same-day hospital discharge, Non-day-case—hospital admission and stay[1 day
bPrevious gallstone-related emergency admission to hospital
cPreoperative investigations: radiological—CT and MR cholangiopancreatography (MRCP); endoscopic—endoscopic retrograde cholan-
giopancreatography (ERCP) and endoscopic ultrasound
dConsultant speciality: HPB—hepatopancreaticobiliary surgery; UGI—upper gastrointestinal surgery/oesophago-gastric surgery; other—col-
orectal, vascular and breast surgery
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performing the cholecystectomy in both uni- (Table 1) and
multivariate (Table 2) analyses. However, BMI was com-
parable between the groups.
The coefficients of the regression analysis (Table 2)
were multiplied by two and rounded to the nearest integer
to form the Cholecystectomy As A Day Case (CAAD)
score (Table 3). Area under the ROC (AUROC) analysis of
the main data set demonstrated sensitivity of 72% and
specificity of 53% with a CAAD score of 5 out of 15, 0.663
(95% CI 0.649 to 0.677) (p\ 0.001). The CAAD score
was then added to the validation group, resulting in an
AUROC 0.656 (95% CI 0.63 to 0.68) (p\ 0.001).
A CAAD score of B5 was associated with 80.8% suc-
cessful day-case cholecystectomy compared with 19.2%
Table 2 Multivariate logistic regression analysis
Patient and preoperative factors Coefficient Odds ratio (95% confidence interval) p value
Age category (years)
\30 – – –
30–40 - 0.367 0.693 (0.559 to 0.859) 0.001
41–50 - 0.550 0.577 (0.474 to 0.702) \0.001
51–60 - 0.699 0.497 (0.410 to 0.603) \0.001
61–70 - 0.940 0.391 (0.321 to 0.475) \0.001
71? - 1.702 0.182 (0.146 to 0.227) \0.001
Gender
Female – – –
Male - 0.420 0.657 (0.582 to 0.743) \0.001
ASA
ASA 1 – – –
ASA 2 - 0.593 0.553 (0.493 to 0.620) \0.001
ASA 3? - 1.690 0.185 (0.149 to 0.229) 0.000
Previous hospital admissiona
No – – –
Yes - 0.619 0.538 (0.484 to 0.599) 0.599
Primary indication for surgery
Biliary colic – – –
Cholecystitis - 0.644 0.525 (0.462 to 0.597) \0.001
Pancreatitis - 0.704 0.495 (0.403 to 0.607) \0.001
CBD stone - 0.959 0.383 (0.306 to 0.480) \0.001
Other - 0.182 0.834 (0.587 to 1.184) 0.309
Preoperative investigationsb
USS only
Radiological - 0.584 0.558 (0.500 to 0.632) \0.001
Endoscopic - 0.924 0.397 (0.336 to 0.472) \0.001
Ultrasound scan findings
Normal-walled gallbladder – – –
Thick-walled gallbladder - 0.454 0.635 (0.564 to 0.714) \0.001
Normal CBD – – –
Dilated CBD - 0.580 0.560 (0.482 to 0.652) \0.001
Consultant specialityc
HPB/UGI – – –
Other - 0.119 0.888 (0.798 to 0.989) 0.030
ASA American Society of Anesthesiologists physical status classification score, CBD common bile duct
aPrevious gallstone-related emergency admission to hospital
bPreoperative investigations: radiological—CT and MR cholangiopancreatography (MRCP); endoscopic—endoscopic retrograde cholan-
giopancreatography (ERCP) and endoscopic ultrasound
cConsultant speciality: HPB—hepatopancreaticobiliary surgery; UGI—oesophago-gastric surgery; other—colorectal, vascular and breast surgery
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associated with a CAAD score[5 (p\ 0.001). Further-
more, CAAD score[5 was associated with a 67% reduc-
tion in likelihood of successful day-case cholecystectomy.
Discussion
The aim of this study was to develop and validate a score to
help predict successful day-case cholecystectomy. The
contemporary CholeS data set was utilised and the CAAD
score developed using preoperative variables readily
available from clinic letters and electronic sources.
A CAAD score of B5 out of 15 can predict same-day
discharges following cholecystectomy in the validation
data set. Incorporation of this score into clinical practice
could help increase the rates of successful day-case
cholecystectomy operation allowing better service plan-
ning and bed management.
The present study identified factors that impact on the
likelihood of same-day discharge following cholecystec-
tomy, some of which are predictable. Younger age and
lower ASA scores are linked with fewer co-morbidities,
anaesthetic risks, less intensive perioperative monitoring
and as a result higher probability of same-day discharge.
There is also evidence to suggest that older age and a
higher ASA score are risk factors for cholecystectomy-
related complications and conversion to open surgery [8].
However, the present study suggests that patients with high
ASA or advanced age, in isolation, can still have successful
day-case cholecystectomy; however, if these factors
coexist, then same-day discharge is much less likely.
Female gender is also associated with higher rates of
successful day-case cholecystectomy; this may be
explained by reports suggesting that a greater proportion of
male patients have complicated cholelithiasis compared
with female patients [9]. Others have also reported that
cholecystectomy in men can be technically more chal-
lenging and is associated with prolonged operative duration
and higher rates of conversion to open and therefore longer
postoperative stay [8–10].
Other factors associated with prolonged postoperative
stay include: a previous emergency admission with a
diagnosis other than biliary colic or thick-walled gall-
bladder or CBD stones on imaging, again these factors are
associated with more complicated operations and increased
risk of conversion to open as well as longer postoperative
stay [8]. Interestingly, some of these factors are not usually
considered to have a significant influence on the likely
success of day-case cholecystectomy, particularly if they
occur in isolation.
Obesity is believed to be an anaesthetic and periopera-
tive surgical risk factor [11]. Most day-case departments
will have varying protocols restricting day-case cholecys-
tectomy in patients with high BMI. However, this current
study showed little effect of BMI on likelihood of suc-
cessful day case. This is consistent with some previous
reports suggesting that BMI alone has little influence on the
success of day-case cholecystectomy [12].
Surgeon factors also appear to influence day-case suc-
cess. The lead surgeon’s speciality is linked with the
likelihood of same-day discharge with higher rates of
successful day-case operations associated with upper gas-
trointestinal and hepatopancreaticobiliary surgeons; this
may reflect volume-related experience.
The CAAD score developed in this study combines the
effect of these patient and surgical factors to improve case
selection. This simple score is the first prospective vali-
dated score to successfully predict day-case
Table 3 Cholecystectomy As A Day Case (CAAD) score
Patient and preoperative factors Points
Age category (years)
\30 0
30–60 1
61–70 2
71? 3
Gender
Female 0
Male 1
ASA
ASA 1 0
ASA 2 1
ASA 3? 3
Previous admission to hospitala 1
Primary indication for surgery
Biliary colic 0
Cholecystitis 1
Pancreatitis 1
CBD stone 2
Other 0
Preoperative investigationsb
USS only 0
Radiological 1
Endoscopic 2
Ultrasound scan findings
Thick-walled gallbladder 1
Dilated CBD 1
ASA American Society of Anesthesiologists physical status classifi-
cation score, CBD common bile duct
aPrevious gallstone-related emergency admission to hospital
bPreoperative investigations: radiological—CT and MR cholan-
giopancreatography (MRCP); endoscopic—endoscopic retrograde
cholangiopancreatography (ERCP) and endoscopic ultrasound
World J Surg
123
cholecystectomy and is derived from easily accessible
patient-related data. Such a score could improve service
planning, increase day-case surgery rates and increase
availability of inpatient beds as well as facilitate significant
cost savings. Single-centre studies have integrated proto-
colled perioperative pathways for day-case gallbladder
surgery which result in an increase in successful day-case
rate with no detrimental effect in conversion rate or read-
mission rate [13]. Other scoring systems have investigated
factors that result in prolonged postoperative stay follow-
ing cholecystectomy, but these use intraoperative data
which limits their use and applicability in preoperative
planning [14, 15].
The present study has limitations. The data taken from
the CholeS data set represent a 2-month snapshot of
practice [7]. The short intensive data collection allowed
surgical teams to contribute meaningful numbers of
patients with high levels of accuracy. The primary aim of
the CholeS study was to assess the variation in practice of
cholecystectomy in the UK and was not designed to
develop a risk score to predict day-case operations. As the
data were extracted retrospectively, there was no infor-
mation on factors, which may also influence day-case
surgery, such as previous abdominal operations, time sur-
gery was performed, social circumstances or organisational
factors.
This score is based on UK data sets, and as such it is not
clear as to the applicability to non-UK health systems.
However, it is reasonable to assume that the CAAD score
may be of interest to other health systems that share similar
population groups as well as infrastructure.
The financial benefits of day-case surgery in selected
cholecystectomy patients are well established. While it is
accepted that multiple factors need to be addressed in order
to achieve successful same day discharge, the introduction
of the CAAD score could aid this by allowing better
selection of patients for day case lists.
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